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Abstract 
As more people are connected digitally, a highly automatic personal identification system is crucial. Dorsal hand vein biometric 
is an emerging biometric characteristic which is explored at its full swing.  Although, researchers have deployed many hand 
biometrics using interesting techniques, it has not yet been accepted in many applications. Images capture is an important phase 
where the images obtained determine the performance of the biometric security system. Environmental factors and behavior of 
the subjects have an effect on image capture. In these work, different variables, that is, distance between camera and hand, the 
angle of deviation and the environmental temperature are controlled to capture images. The results are analysed and the effect of 
the variables have been depicted. It is deduced that image capture phase in biometric applications deserve more attention. 
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Biometrics authenticates individuals by using their physiological or behavioral characteristic. Biometrics 
such as fingerprints, iris and face has been deployed since many years and has proved themselves in security 
systems. However, people are finding ways of attacking these popular biometrics. Thus, this is stimulating 
researchers to find new biometrics or new techniques of implementing biometric security system.  In the last few 
years, it was found that hand biometrics such as dorsal hand vein pattern is a potential candidate that can be used to 
authenticate people. Dorsal hand vein characteristics have attractive characteristics such uniqueness, stability and 
strong tolerance to forgery [1, 2]. The main phases in biometrics are image capture, image preprocessing, processing 
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of extracted features and matching. Each of these phases is being investigated in depth to obtain an ideal recognition 
system. Image capture is a phase which has not been explored in depth. There are many variables that affect image 
capture and need attention. 
 In this work, the variables affecting image capture are being investigated and tested. Section 2 provides the 
literature review. In section 3, the factors affecting image capture is elaborated and analysed. The vein preprocessing 
and representation phase is represented in section 4.  Section 5 concludes the work. 
2. Existing Hand Vein Biometrics 
Lately, hand biometrics is being explored at its full swing. Different researchers are focusing on the 
different phases namely image capture, preprocessing, processing and matching of the hand biometric. Various 
challenging algorithms and suitable statistical techniques have been developed and applied on the hand features.  
For image capture, CCD (Charge- Couple Device) is one device which has been used throughout various 
applications . Cross and Smith (1998) has used this device to irradiate the back of the hand using an IR cold source. 
In this way, the reduced hemoglobin in veinous blood absorbs more of the incident IR radiation than the surrounding 
tissue and thus appearing darker. Wang et al, (2006) have also used CCD to capture vein images but the near 
infrared source was calibrated to a wavelength of up to 1100nm [2]. In their work, it was also found that to reveal 
the vein structures, the wavelength should be centered at 0.72- 1.10 µm. In addition to the CCD camera, Badawi 
(2005) have used infra-red filters and a frame grabber [3]. In the setup, near infrared rays was generated by means of 
LEDs which penetrate the hand. According to Chen et al. (2007) setup, arrays of mold type near infrared LED were 
used as light sources along with a CMOS camera which has a neutral density filter. Veins patterns can alternatively 
be captured using a thermal camera [4]. Wang and Leedham (2005) have also used a thermal camera to capture the 
vein images [2]. In their experiment, pictures were taken in both air-conditioned office environment (20-25°C and 
<50% humidity) and tropical outdoor environment (30-34°C and >80% humidity). It was found that there is a 
difference between the two captured images, that is, the indoor pictures had a better resolution. Thus, the 
environmental temperature also plays an important role in image capture.   
Noises are being introduced in the images during image capture. Many enhancement methods have been 
devised to improve the quality of the images to help subsequent processing phase like feature extraction. Wang and 
Leedham (2006) have applied median filter followed by a 2-D Gaussian Low Pass filter to remove speckling noise 
in the vein images [2]. Zhao et al. (2007) have used different algorithm which consists of Match filter, Wiener filter 
and Smoothing filter [5]. Match filter works by maximizing the output signal-to-noise ratio by invoking a geometric 
argument. Wiener filter is another filter which has been used in dorsal hand vein pattern and it reduces the amount 
of noise present in a signal by comparison with an estimation of the desired noiseless signal. Gabor filters were also 
applied on vein images and palmprint images to smooth the images [6,7,8]. To extract hand features, British 
Technology Group researchers used a reference axis, that is, the position vector defined by the centroid of the 
working domain of the hand and the midpoint at the wrist. Lin and Fan (1995) has devised a method using 
watershed transformation to extract vein images [1]. The region of interest (ROI) where the vein patterns are 
concentrated is first defined. The ROI is fixed to be in the same position in the vein images to ensure the stability of 
the principal extracted vein features.  Wang and Leedham (2005) have devised a different approach by using 
adaptive thresholding [2]. If the pixel value is below the threshold it is set to the background value, otherwise it 
assumes the foreground value. The threshold was calculated at each pixel, which depends on some local statistics of 
the pixel neighbor. The threshold is set as a mean value of a local 13 x 13 neighborhood. Another algorithm that can 
be used to extract the dorsal hand vein features is known as optimal thresholding. This technique which is an 
iterative method for calculating and selecting an optimal threshold has been used by Badawi (2005) [3]. Malki et al. 
(2006) have considered two main features namely ending points and bifurcation points to extract vein features [9]. 
To extract vein features, Wang et al. (2006) have applied three different methods [10]. The first method involves 
extraction of endpoints and cross section points based on vein geometry. Another feature extraction method that was 
used is known as K-L transform. Using this method, each vein is projected in the subspace expanded by eigenvector, 
which represent a character after transformation. Each vein is represented as an element in the subspace. To obtain 
the exact locations of the vein image in the subspace, a set of coordinate coefficients are used. The third method 
used is based on invariable moment feature extraction. Using this method, each vein image is represented as a 
function on 2-dimension density distribution and moment is applied to describe the feature. The results obtained 
after applying the three feature extraction methods are then fused to form a single feature vector to represent the 
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vein image. Deepika and Kandaswamy (2009) have applied two different approaches to extract the features of the 
dorsal hand vein namely morphological feature extractor and statistical feature extractor. These two modalities are 
totally independent of each other. These two data sets are fused to give a feature vector whose randomness is 
increased and this enhance the accuracy of the system. The feature vectors are created from the minutia points by 
performing cross correlation. Cross correlation is also estimated among the feature vectors created by fusing minutia 
points and moments [11]. 
Preprocessing, processing and matching phases in a biometric security system heavily depend on the image 
capture and types of images obtained. It is very important to control the factors affecting image capture to increase 
the performance of a biometric system.  
3. Investigating on Factors Affecting Image Capture 
Up to now, there is no public hand vein database available for research. Each researcher has to devise their 
own setup to capture the images. In most setup, either a CCD camera or a thermal camera is used. In fact, either near 
infrared or far infrared can be used to capture the vein images found beneath the skin. In this work, to build the vein 
database, a Nikon digital camera D3100, a Hoya R-72 infrared filter, LED lights and diffusing papers have been 
used. The design of the ideal setup devised is shown Figure 1 below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Experimental Setup to Capture Vein Images 
Subjects involved in image capture are from different ethnic groups, age ranging from 19 years old to 65 years 
old and have different skin color. During image capture, there are different factors namely the positions of the light, 
the light intensity, background light, the angle of orientation of the hand, the distance between the camera and the 
hand which contribute to image capture.  Some other factors such as hairs on the hand surface, henna designs on the 
hands and scars also have an effect on image capture. Temperature of the hand also has an effect on the image 
capture. Subjects are asked to place their hands in cold, normal and warm water (temperature normal water 250  
temperature warm water: 450, temperature cold water: ice water which is around 20 ). 
3.1. Position of Light , Light intensity and Number of lights 
Lighting condition is an important factor that needs to be controlled during image capture. Lights can be placed 
either in the same direction of the hand or in the opposite direction as demonstrated in the following table 1. 
 
 
 
Wooden box 
MC-DC2 Remote 
control 
Near Infra Red Light 
DSLR Camera 
Removable Handle 
Black Bristol 
paper 
Wooden box 
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Table 1. Placement of Lights 
Light is placed on the same side of the hand  Light is placed on the opposite side of the hand 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In addition to this, one up to three light sources is placed in the setup to verify whether it has any effect. 
First one light source is placed in the middle of the wooden box and images are captured. Two lights sources are 
then placed to investigate whether it has any effect on image capture. The third light source is added and adjusted to 
towards a focal point. 
3.2. Angle of Orientation of the Hand 
To recognise an individual using hand vein biometrics, the tree structure of the veins is used. This structure 
should be the same for the system to correctly identify the subject.  A slight angle orientation changes the structure 
of the vein pattern making the pattern appear different. Although the hands are constrained to a handle, there might 
be some deviation from the centre. To investigate on the effect of hand orientation, images are captured at different 
angles namely, 20, 50, 80,100, 150,200,   250, 300, 350, 400, 450 to the right and left 
 
     
 
 
 
 
 
 
 
 
 
 
                         
 
 
Fig.2. Angle of Deviation of the Vein Images from the center to the right 
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3.3. Distance between camera and Light Source 
Another factor that needs to be considered during image capture is the distance between the handle and the light 
sources. It is to be noted that if the hand is too close to the light sources, blurred images are captured. If it is too far, 
the definition of the vein pattern cannot be obtained properly. The images are captured at distances 30 cm, 34 cm, 38 
cm and 42 cm. At these distances, the hand image is visible. It is to be noted that during the test, other distances 
were considered as well. However, the hand image was only partially obtained.  
 
 
 
 
 
 
Distance between light source and handle 
 
 
                                    Fig.3. Angle of Deviation of the Vein Images from the center to the right 
3.4. Skin Color, Hairs and Henna Design 
The skin color of different race of people varies. Some people have fair skin whereas others have darker ones. 
This has an impact on the absorption of light by the skin during image capture. Henna design disrupts the vein 
structure by adding additional branches on the pattern.  Some people have more hairs on the skin surface and thus 
making the hand surface invisible during image capture. 
It is to be noted that when deploying techniques for vein representation, these factors are important to consider. 
The techniques that have already been developed by researchers do not necessarily work on all types of images.  
3.5. Temperature of the Hand 
In order to investigate on the effect of temperature, subjects are asked to place their hands in cold, normal 
and warm water (temperature normal water 250 c. Temperature warm water: 450 c, Temperature cold water: ice 
water which is around 20 c). In fact, veins dilate upon contact of warm temperature and constrict in contact with cold 
temperature. When vein constrict, some of the branches are poorly defined.  
4. Image Preprocessing and Representation 
The images captured are first preprocessed to obtain the required features that need to be represented. When a 
hand image is obtained, the hand background is first segmented from the image using standard morphological 
operations. The background is estimated and subtracted accordingly. Since the contrast that varies all over the vein 
image, it has been adjusted by using the “stretchlim” function in Matlab. The vein pattern is extracted from the 
image by using “graythresh” function in Matlab which is a thresholding method. To enhance the quality of the 
images, Match filter, Wiener filter and smoothing filters as proposed by S.Zhao et al. (2010). The vein image is then 
thinned and pruned. Thinning outputs a 1- pixel wide skeletal version of the vein structure. Pruning removes spurs in 
the vein branches. The image is then represented as a matrix of intensity values for processing. 
When a subject seeks access to the system, the test image is captured and compared against the images stored in 
the database. The pixel-by-pixel method has been used for the matching. Thus the number of overlapped pixels 
between the test image and the stored images are counted. If the overlapped pixel is more than 90%, the person is 
considered as genuine. Otherwise, the person is tagged as an intruder. Apart from pixel-by- pixel, Principle 
Component Analysis (PCA) used by MamodeKhan et al. (2009) [12] and Linear Discriminnat Analysis (LDA) 
applied by Heenaye and Mamode Khan (2012) have been used[13].  
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5.  Experiments and Interpretation of Results 
There are 200 subjects in the database, where 5 images are kept for each of them. In the first experiment, 50 test 
images are kept and are genuine people. In the second test, 50 imposters were kept, that is, their templates are not 
found in the database. This database is used for optimal setup.  
The first factor that is tested is the distance between the light source and the handle. To test the light factor, 50 
individuals are kept in the template. All the 50 have been tested to see whether they are accepted by the system. 
Table 2. Distances between the light sources and the handle 
 
Distance 
between 
hand and 
camera 
(cm) 
Image Captured Pixel-by-pixel method 
(Recognition Rate) 
PCA( Recognition 
Rate) 
Remarks 
 
 
30 
 
 
 
 
 
 
78% 
 
79% 
The vein patterns are 
not fully defined. It 
seems to be too close 
to the light sources.  
The images appear to 
be blurred. 
 
 
34 
 
 
 
 
 
 
80% 
 
81% 
The vein pattern is 
defined. However, it 
lacks clarity . 
 
 
38 
 
 
 
 
 
 
 
91% 
 
 
100% 
Using this distance, 
the vein pattern is 
clearly defined. The 
hand image appear to 
be bright. 
 
 
42 
 
 
 
 
 
 
 
85% 
 
 
86% 
The vein is less 
defined compared to 
the image taken at a 
distance of 38 cm.  
From the results, it is found that the optimal distance is 38cm, which is taken from the light source to the handle 
where the images are captured. Distance plays an important role since for near distance, part of the ROI is missed 
out. For further distance, the vein is not properly defined. 
To test other variables, the optimal distance 38cm is used. The side at which the light sources are placed plays an 
important role in image capture. To test the position of the light source, 50 template images are used. All of them are 
also in the test set. 
Table 3. Position of the light 
 
Position of the Light Pixel-by-pixel method 
(Recognition Rate) 
PCA( Recognition Rate) 
Same side of the hand 74% 76% 
Different side of the hand 93% 97% 
 
527 Maleika Heenaye- Mamode Khan and Naushad Mamode Khan /  Procedia Computer Science  32 ( 2014 )  521 – 528 
It is be deduced from the results obtained that it is better to place the light sources on different side of the hand. 
This produces a better illumination effect and thus a better vein definition is obtained.  
Table 4. Number of the lights 
 
Number of Light 
sources 
Pixel-by-pixel method (Recognition Rate) PCA( Recognition Rate) 
1 50% 55% 
2 35% 37% 
3 99% 98% 
 
When only one light source is used, it is focused on the centre of the image to be captured. It was found 
that only half of the images are recognised since the illumination is concentrated on the centre of the image. When 
two light sources are used, it is very difficult to focus the light towards the centre and this causes certain part to 
appear darker. Some branches are thus lost in the vein. Three light sources are adjusted and fixed towards a focal 
point. The light spreads evenly and thus appropriate images are obtained. In this way, good vein definition is 
obtained. In this work, the angle of deviation from the centre is being changed. For this experiment, 40 subjects 
were considered. Note that all the 40 images are present in the template set and test set as well. 
Table 5. Angle of deviation 
 
Angle of Deviation in 
degree 
Pixel-by-pixel method (Recognition 
Rate) 
PCA( Recognition Rate) 
2 (right) 89% 91% 
5(right) 45% 50% 
8, 10, 15, 20, 25, 30, 35, 
40, 45 (right) 
0% 0% 
2 (left) 84% 86% 
5(left) 35% 32% 
8, 10, 15, 20, 25, 30, 35, 
40, 45 (left) 
0% 0% 
 
Images are deviated by certain angle and thus are recognized as different patterns in most cases. To solve 
the problem of varying angle, the veins need to be preprocessed differently where salient points are detected. Linear 
Discriminant Analysis (LDA) is the only method that can be used when images are rotated to an angle since method 
considers both within- scatter and between scatter data variations.  
Temperature of the hand also plays a role in the recognition phase. Veins react more to normal and warm 
temperature compared to cold temperature. As shown in table 6, the recognition rate is poor when the hands are 
placed in cold water. Veins constrict when are placed in cold water.  
Table 6. Water Temperature 
Types of Water 
(Normal, 
Warm, Cold) 
Image Captured Pixel-by-pixel method 
(Recognition Rate) 
PCA( Recognition Rate) 
 
 
 
 
 
Normal 
 
 
  
 
 
 
89% 
 
 
 
 
92% 
528   Maleika Heenaye- Mamode Khan and Naushad Mamode Khan /  Procedia Computer Science  32 ( 2014 )  521 – 528 
 
 
Warm 
 
 
 
  
 
91% 
 
 
96% 
 
 
Iced cold 
 
 
 
 
 
 
 
 
65% 
 
 
68% 
6. Conclusion 
The performance of a biometric system depends on the image obtained during the image capture phase. Many 
techniques and algorithms can be deployed for the preprocessing, processing and matching phase. However, if the 
required biometric characteristics are not extracted properly, it compromises with the performance of the biometric 
system. In this work, different variables such as distance between camera and light sources, angle of deviation of the 
hand from the centre and number of light sources among others have been investigated. It can be concluded that the 
quality of images obtained heavily depends on these variables. Two methods, that is pixel-by-pixel and PCA are 
applied so as not to biased using only method. Researchers have to strive harder to develop methods that can cater 
for these changing variables to improve the performance of biometric system. Dorsal hand vein pattern is a 
promising biometric trait. However, there is more to explore before commercializing this biometric.  
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